Objective: The purpose of this study was to evaluate the effects of stage-matched repeated individual behavioral counseling as an intervention for the cessation of smoking.
Introduction
Tobacco use is the single most important preventable health risk in developed countries, and a major cause of premature death and disability worldwide (1, 2) . In 2000, tobacco smoking accounted for an estimated 113,000 of the total 962,000 deaths in Japan (3) . Thus, tobacco smoking is responsible for approximately one in every eight to nine deaths in Japan. Although the prevalence of smoking among men has gradually decreased to 45.9% in 2000 (4) , the absolute number of annual tobacco-attributed deaths among men in Japan is still increasing as a consequence of high-level tobacco consumption over several decades (3) . Smoking is uncommon among Japanese women, with only about 10% currently smoking; however, smoking is increasing among younger women (4) . Therefore, it is easy to predict that the health burden caused by tobacco use will become a more serious social problem in the future. The burden of tobacco-caused diseases in the first half of the 21st century occurred mainly in those who were current smokers (5) . Thus, comprehensive tobacco control measures to reduce smoking prevalence are urgently needed.
The essence of tobacco use is nicotine dependence (6) . Nicotine dependence is a chronic disease that often requires repeated intervention (7) . Environmental change strategies for tobacco control, such as tobacco taxation and smoking restriction in public places, can be effective in reducing tobacco use (8, 9 ), but smokers often find it difficult to overcome their dependence without help (10) . Effective treatments to promote smoking cessation need to be implemented in various health care settings as part of a comprehensive tobacco control measure.
There is clear evidence that various interventions for the treatment of tobacco dependence are both effective and costeffective compared to other medical and disease prevention interventions (11) (12) (13) . In Western countries, evidence-based guidelines for treating tobacco dependence were developed for health professionals as well as health commissioners and managers (7, 12) , and many efforts have been made to implement these guidelines into health care settings.
However, in Japan, there have been a limited number of studies on smoking intervention. Seven intervention studies with a controlled trial design examined the effects of individual counseling or a combined intervention format including individual counseling (14) (15) (16) (17) (18) (19) (20) . Although some have shown the intervention to be effective (14) (15) (16) (17) , others failed to show a significant difference, mainly due to a small sample size (18) or a small effect of the intervention (19, 20) . These previous studies had limitations in that only a few used a biochemical test to validate self-reports of smoking status (17, 18) and only three assigned the subjects to study groups by random allocation (17) (18) (19) .
From a theoretical perspective, most previous studies did not include a description of the theoretical background of behavioral science for the design of the smoking intervention. The transtheoretical model (stages-of-change model) (21, 22) proposes that interventions should take into account the current stage (readiness) of the individual to change. We have developed a smoking cessation intervention that utilizes repeated individual counseling based on the transtheoretical model. We have also developed a training program to teach health care providers a behavioral approach to use in counseling smokers. The purpose of this study was to perform a multisite, randomized, controlled trial to examine the effects of a smoking intervention with repeated individual counseling by trained health care providers.
Methods

Overview
A multisite randomized controlled trial (the High-risk Strategy by Lifestyle Modification, HISLIM study) was organized to examine the effects of individual counseling for behavior change among high-risk subjects aged 20 to 69 who had two of three risk factors: hypertension (systolic BP of 135 to 179 or diastolic BP of 85 to 104), hypercholesterolemia (total cholesterol of 220 to 300 mg/dl), and smoking. To be eligible for enrollment, subjects were required to have smoked for at least 1 year before recruitment. Pipe or cigar smokers were excluded from the study.
Study subjects consisted of three subgroups: the smoking and hypertension group (SHT), the smoking and hypercholesterolemia group (SHC), and the hypertension and hypercholesterolemia group (HTHC). Subjects of each subgroup (SHT, SHC, HTHC) were individually assigned at random to the two intervention groups within each study center. Subjects assigned to the intervention A or B group received a behavioral intervention for risk factor A or B, respectively. In evaluating the effect of the behavioral intervention for risk factor A, the intervention B group was treated as a control group ("positive control group"). The main outcome criteria of the trial were changes in the risk factors at 6 months.
The original sample size estimate of 220 in each group provided the study with 80% power to detect a 4 mmHg decrease in systolic BP in the intervention group compared with the control group. This power analysis was calculated using a 2-sided test with the probability level (α) being set at 0.05 and standard deviations of 15.0 for SBP. The number of participants in our study was also considered to be sufficient for detecting differences between the two groups for both total cholesterol reduction (8 mg/dl) and the abstinence rate (10%).
All of the survey and intervention procedures were examined and approved by the Medical Science Ethics Review Board of Shiga University of Medical Science.
Recruitment of the study site
Two-day research workshops were held in the Kanto and Kansai districts for over 200 health care providers working for communities or worksites that were interested in participating in the study. In the workshops, the study purpose and protocols were explained.
As a result, 72 sites participated in the study. The 72 study sites consisted of 26 communities and 46 worksites. Among the 26 communities, there were 7 prefectural health centers and 19 municipal health centers or offices. Among 46 worksites, there were 28 private companies, 4 public worksites, and 14 medical facilities providing worksites with health check-up services.
Subject recruitment and randomization
Study subjects were recruited from the 72 sites. Each study site was requested to select one of three risk-factor subgroups (SHT, SHC, HTHC) and recruit 20 subjects who met the inclusion criteria. All subjects were informed of the study and gave their written consent.
A total of 1,386 subjects were recruited by the study sites: 334 subjects in the SHT subgroup, 645 in the SHC subgroup, and 407 in the HTHC subgroup (Fig. 1) . The subjects were stratified by study site and randomly assigned to either one of the two intervention groups in each subgroup. As a result of randomization, 173 of 334 subjects in the SHT subgroup were assigned to the smoking intervention group and 161 subjects were assigned to the hypertension intervention subgroup. Among the 645 subjects in the SHC subgroup, 327 and 318 subjects were assigned to the smoking and hypercholesterolemia interventions, respectively. Among the 407 subjects in the HTHC subgroup, 201 and 206 subjects were assigned to the hypertension and hypercholesterolemia interventions, respectively.
Among the 1,386 subjects, 399 subjects (28.8%) had all three risk factors (hypertension, hypercholesterolemia, and smoking). The percentage of those who had all three risk factors was 27.2% in the SHT subgroup, 42.6% in the SHC subgroup, and 8.6% in the HTHC subgroup. There were no statistical differences in the percentage of those who had all three risk factors among intervention groups in the SHT, SHC, and HTHC subgroups. A total of 979 smokers (334 in SHT, 645 in SHC) were selected for the present study to examine the effects of stage-matched smoking intervention. Among 334 subjects in the SHT subgroup, two subjects proved to be ex-smokers at randomization and were excluded from the analysis. Thus, 977 subjects (332 in SHT, 645 in SHC) were included in the final analysis. There were 500 subjects in the smoking intervention group (173 in SHT, 327 in SHC) and 477 in the control group (159 in SHT, 318 in SHC).
Health care provider training
One-day and consecutive two-day training seminars were provided for health care providers who participated in the study. To standardize our intervention protocol and method, the study sites were requested to send two staff members to participate in these seminars. The purpose of the seminars was to make participants understand the significance of risk factor interventions by behavioral counseling, and to demonstrate and practice the counseling. The participants received lectures on smoking intervention in the first seminar. The contents of the lectures were the health effects of smoking, the significance of smoking cessation, and the smoking intervention protocol of the study. In the second seminar, conducted 5 to 6 months after the first, the instructor presented the method used to counsel smokers according to their stage of change for smoking cessation and showed a videotape demonstrating successful stage-matched counseling interactions. The participants used role-playing to rehearse smoking cessation counseling.
Smoking intervention protocol
Based on a smoking cessation program for health checkup settings that we developed (23), standardized intervention protocols and manuals were arranged to guide health care providers in delivering smoking cessation counseling. The smoking intervention consisted of a 40 minute initial counseling session and four 20-30 minute follow-up counseling sessions at 1, 2, 4, and 6 months after the initial session. These sessions were conducted face-to-face by individual counselors. If a smoker established a quit date, there was an additional followup 1 week after the initial session by telephone call or letter. The initial session consisted of stage-matched individual counseling with the feedback of expired carbon monoxide (CO) testing (24) and provision of a self-help guide that described the stages of change for smoking cessation (25) . The stage-matched individual counseling included: 1) assessing the smoker's stage of change, 2) providing counseling about smoking cessation that differed according to the smoker's stage of change, 3) recommending that smokers willing to quit smoking set a quit date. A smoker's stage of change was categorized into four categories: the immotive stage (not interested in quitting smoking and not thinking about quitting in the next 6 months), the precontemplation stage (interested in quitting smoking but not thinking about quitting in the next 6 months), the contemplation stage (planning to quit within the next 6 months), and the preparation stage (planning to quit in the next month) (22, 26, 27) .
With smokers in the immotive stage (immotives), the immediate goal of smoking intervention is to help them begin to think about quitting (28) . The counselor's task is to raise the client's awareness of risks and problems with smoking behavior. With smokers in the precontemplation stage (precontemplators) and the contemplation stage (contemplators) who are ambivalent about changing their smoking behavior, the counselor's task is to help them make the decision to quit smoking by providing individualized information on the potential risks of smoking, and by identifying the barriers to quitting and offering potential solutions. With smokers in the preparation stage (preparators), who are ready to quit smoking and seeking cues for action, the counselor's task is to help them plan the quit Fig. 1 Outline of randomization assignment of study subjects attempt by setting a quit date and providing individualized information on cognitive and behavioral strategies for quitting.
At follow-up counseling sessions, if smokers succeeded in quitting smoking, the counselor first congratulated them on their efforts to quit, then talked with them about the withdrawal symptoms and the urge to smoke, and provided information on solutions to prevent relapse. At the latter part of the follow-up sessions, if quitters experienced weight gain, the counselor advised them on methods of weight control. If smokers failed to quit smoking or relapsed, the counselor discussed with them the reasons for their behavior, and encouraged them to try to quit smoking again if they were willing.
The smoking intervention in our study was conducted by health care providers including public health nurses, nurses, physicians, nutritionists, and medical technologists. In the intervention at worksites, the number of public health nurses and nurses was the largest, about 80% of the total number. In the intervention at communities, the largest number of health care providers consisted of public health nurses, at about 70% of the total, followed by nutritionists at about 20% of the total.
Nicotine replacement therapy was not used in this study as clearly stated in the intervention protocols. Health care providers were also informed about not using nicotine replacement therapy at the training seminars.
Baseline assessment and outcome measures
A baseline assessment was scheduled in each subject 3 weeks before the initial intervention session. The subjects who attended the baseline assessment session received: 1) a screening test including systolic and diastolic blood pressure, serum cholesterol, and expired CO concentration; 2) a food survey for dietary assessment; and 3) a self-administered questionnaire survey on lifestyle and medical history, followed by an interview with the study providers. After baseline assessment, the same assessments were also conducted at the initial intervention session and the follow-up intervention sessions at 1, 2, 4, and 6 months.
In the self-administered questionnaire surveys at the baseline session, questions on smoking were asked concerning daily cigarette consumption, age at start of smoking, stage of change, Fagerstrom Test for Nicotine Dependence (FTND) score, number of quit attempts, and confidence in quitting. Questions on smoking status, daily cigarette consumption, and stage of change were also asked at the five consecutive intervention sessions.
Smoking status was validated by measurement of the expired CO concentration with a Micro Smokerlyzer (29) . If the concentration of CO in expiratory air exceeded 8 ppm, the subject was classified as a smoker (30) .
The main outcome measure was the CO-validated abstinence rate at 6 months. We defined smoking cessation in three different ways. Our primary definition of smoking cessation was the CO-validated point prevalence abstinence rate at 6 months. The other two outcome measures with more stringent criteria were the CO-validated two-point consecutive abstinence rate at 2 and 6 months and the four-point consecutive abstinence rate at all four follow-up sessions (at 1, 2, 4, and 
months).
Subjects lost to follow-up and those whose report of cessation could not be confirmed biochemically were classified as current smokers. The percentages of those lost to follow-up at the initial intervention and the four follow-up sessions were 2.2%, 1.4%, 2.4%, 4.0%, and 4.8% in the smoking intervention group and 6.7%, 5.9%, 5.9%, 4.4%, and 6.3% in the control group, respectively. The percentage of those whose report of cessation could not be confirmed biochemically at the five consecutive sessions were 1.0%, 2.8%, 4.6%, 3.4%, and 4.6% in the smoking intervention group and 0.0%, 0.2%, 0.2%, 0.2%, and 0.6% in the control group, respectively.
Statistical analysis
Baseline characteristics by study groups were examined using chi-square for categorical variables and Student's t test for continuous variables. Associations of smoking intervention with outcome measures were examined through the use of chisquare tests. In cases in which the number of samples in a cell was small (less than 5) in 2 x n contingency tables to compare the categorical data, Fisher's exact test was used. All statistical analyses were performed using SPSS 10.0.
Results
Baseline characteristics of study groups
There were no differences between the intervention and control groups in baseline characteristics, including age, sex, stage of change, age at the start of smoking, daily cigarette consumption, FTND score, expired CO, number of attempts to quit, and confidence in quitting (Table 1) .
Smoking status outcomes
The point prevalence abstinence rate at 6 months in the intervention group (13.6%) was 5.4 times higher (p<0.001) than that in the control group (2.5%) ( Table 2 ). When more stringent criteria of abstinence were applied in calculating the abstinence rate at 6 months, the differences were also significant, with odds ratios that remained almost constant as the stringency of abstinence increased. Fig. 2 CO-validated abstinence rates by time from start of the intervention (n=500 for the intervention group, n=477 for the control group) in 72 study cites. 
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The point prevalence CO-validated abstinence rates at each period from 1 month to 6 months in the intervention group were 5.1-8.8 times higher than those in the control group (Fig. 2) . All the differences were significant.
The smoking outcomes at 6 months did not differ by study site (community, worksite) or by study subgroup (smokers with hypertension, smokers with hypercholesterolemia) (Figs. 3, 4) . The odds ratios of point prevalence CO-validated abstinence rates at 6 months by study site were 5.7 at community (p<0.01) and 5.3 at worksite settings (p<0.001). The odds ratios were 5.6 among smokers with hypertension (p<0.001) and 5.4 among smokers with hypercholesterolemia (p<0.001).
The point prevalence CO-validated abstinence rates by stage of change at each period from 1 to 6 months in the intervention group were significantly higher than those in the control group among all stages of change except immotives, with the abstinence rates in both groups increasing as the stage of change shifted towards smoking cessation (Fig. 5) . The odds ratios of the point prevalence abstinence rates at 6 months among smokers in precontemplation, contemplation, and preparation were 6.4 (p<0.001), 6.7 (p<0.001), and 6.2 (p<0.01), respectively.
Discussion
This is the first multisite randomized controlled study in Japan that has demonstrated the effects of a moderately intensive smoking intervention based on the transtheoretical model and implemented by trained health care providers. This study showed that repeated individual counseling to smokers unselected for their readiness to quit significantly increased by 5.4 times the point prevalence abstinence rate at 6 months. The intervention was effective despite stringent evaluation criteria at 6 months. There was a positive, consistent effect regardless of study site or subgroup. Therefore, these effects appear to be directly attributable to the intervention. Our intervention also succeeded in increasing the abstinence rates during the study period among smokers with a lower motivation to quit (precontemplators and contemplators) as well as those ready to quit (preparators). From the viewpoint of public health, this is significant because most existing smoking-cessation interventions target only motivated smokers, with few interventions having a positive effect in smokers with a lower motivation to quit.
There was no statistical difference in the abstinence rates among immotives between the intervention and control groups during the study period. This may be related to the characteristics of the immotives, who have decided to keep on smoking (26) and do not recognize smoking as a problem.
The odds ratio for smoking cessation in our study was higher compared to that in the two previous studies (11, 31) , although nicotine replacement therapy was not used as part of the protocol in this study and the distribution of Japanese smokers by stage of change was shifted to a lower stage compared to smokers in the United States and other developed countries (32, 33) . According to a recent meta-analysis of 18 randomized or quasi-randomized trials of the effects of individual behavioral counseling by the Cochrane Review (31), the odds ratio for smoking cessation was 1.62, which was significant (95% CI 1.35 to 1.94). This result was consistent with the review undertaken for the updated United States clinical practice guideline for treating tobacco use and dependence (11) . The US review included an analysis of 58 trials and estimated the odds ratio to be 1.7 (95% CI 1.4 to 2.0) for smoking cessation with individual counseling compared to that with no intervention.
The impact of our intervention may be related to four factors. First, the intensity of our intervention was classified as moderately intensive, since it consisted of five sessions and an additional telephone follow-up contact to smokers who set a quit date (31) . The intensity of the smoking intervention in previous studies varied and included a single session intervention (11, 31) . In the Cochrane Review, 7 of the 18 studies used a brief (31) . There is a doseresponse relationship between the intensity of the smoking intervention (e.g., number of intervention sessions and session lengths) and successful intervention outcome (11) . Thus, the difference in the intensity of the interventions may account for the difference in the abstinence rates between our study and the results of the meta-analysis. Second, the duration of follow-up in our study was 6 months, which was shorter than that in previous studies. The previous studies provided outcome data with follow-up for at least 6 months or more after the initial intervention (31) or at least 5 months or more after the designated quit date (11) . The shorter periods of our follow-up could yield higher abstinence rates. Since smokers are likely to relapse during follow-up periods, a short length of follow-up period is usually related to high abstinence rates. Third, the smokers in the control group had little chance to receive even a minimum smoking intervention or to quit voluntarily, because we used a "positive control group" as our control group. They, therefore, concentrated on other lifestyle changes for reducing hypertension or hypercholesterolemia. Studies designed with a "positive control" group may decrease the point prevalence abstinence rate in the control group to 2.5% at 6 months. Furthermore, in the studies included in the Cochrane Review (31), most control groups received the usual care or minimal intervention for smoking cessation by brief advice or self-help materials. This may account for the difference in results between our study and previous studies. Fourth, as the smoking prevalence in Japanese men is still higher than that in populations in other developed countries (4, 34) , Japanese smokers may be more likely to quit smoking than those in other developed countries, although the level of motivation to quit smoking in Japanese smokers was lower compared to that in other developed countries (32, 33) . Successful tobacco control is thought to result in a higher dependence among the remaining smokers due to selective quitting by low-dependent smokers (35) . At the level of countries, the degree of nicotine dependence was negatively correlated with the prevalence of smoking (35) . In addition to the level of nicotine dependence, the relative proportion of other types of "hard-core smokers" with comorbid psychological or psychiatric conditions among the total smoking population may increase with the success of tobacco control at a national level (36) . Therefore, these differences in the characteristics of smokers between our study and the previous studies may extend to differences in the odds ratios.
Our study had methodological strengths. First, it was performed in a population recruited from smokers who received health check-ups in communities or worksites. Therefore, the study subjects did not actively volunteer to take part in the smoking intervention and had no special motivation to quit smoking. Second, a randomized controlled study design was used. The study groups were well matched at baseline, and follow-up rates were quite high and similar in the study groups. Fairly good adherence with the intervention was also obtained.
Therefore, we consider that we could evaluate the effects of repeated individual counseling in an ideal setting. Third, we used an intention-to-treat analysis, except for two subjects who did not satisfy the inclusion criteria, with all subjects lost to follow-up being classified as smokers. As a result, a modest abstinence rate was estimated. Fourth, self-reports of smoking status were biochemically validated using expired CO. Biochemical markers for smoking are used to validate self-reports of smoking cessation in intervention studies. CO and cotinine are popular markers. Although cotinine has a higher sensitivity and specificity than CO, CO is more convenient to measure and is only modestly less useful (37, 38) .
Our study also had some limitations. First, the duration of the follow-up was relatively short and limited to the treatment period. Most relapses take place within 3 months of cessation (6, 39) . A point prevalence measure taken at 6 months would certainly capture the great majority of those relapse events (11) . However, it is desirable to conduct a follow-up survey after an intervention-free period. Second, there were few female subjects in our study. It is uncertain whether the study results would be applicable to a female smoking population. Further research is needed to clarify the intervention effect on female smokers. Third, our smoking cessation program was effective, but moderately intensive. Considering its dissemination into health care settings, it will be difficult for health care providers to use it in routine health services such as at an outpatient clinic or health check-up setting, because the time allotted for behavioral counseling in these settings is limited. From a public health perspective, health care settings have an excellent potential to yield many quitters if effective programs are successively combined into routine health services. Therefore, further research is needed on the development of a brief smoking intervention program tailored for use in an outpatient clinic or health check-up setting, and the development of a training program for health care providers. Intervention studies are also needed to examine the effects of the programs.
In conclusion, we showed the effects of repeated individual behavioral counseling to smokers unselected for their readiness to quit. This result suggests that stage-matched individual counseling based on the transtheoretical model is effective in smokers with a lower motivation to quit, as well as in those ready to quit.
